Background: The survival of patients with locally advanced head and neck cancer is still poor, with 5-year survival rates of 24-35%. The identification of prognostic and predictive markers at the molecular and cellular level could make it possible to find new therapeutic targets and provide "taylor made" treatments. Established cell lines of human squamous cell carcinoma (HNSCC) are valuable models for identifying such markers.
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Background
In 2006, 101,600 new cases and 42,400 deaths resulting from oropharyngeal cancer were registered in Europe [1] . Although morbidity has decreased, the outcome of patients with locally advanced head and neck cancer is still poor, 5-year survival rates being only 24-35% [2, 3] . There is a need for more individualized, "taylor-made" therapies in order to avoid under-treatment (residual disease) as well as over-treatment (unnecessary morbidity). The application of new techniques has improved our understanding of the mechanisms behind the origin, maintenance and progression of tumours, and new insights have facilitated the identification of diagnostic, prognostic and predictive markers at molecular and cellular levels, paving the way for novel therapeutic approaches.
Cell lines of human squamous cell carcinoma are valuable models for identifying such markers, and for studies of tumour biology. In this study, explant cultures of fresh tumour tissue were cultivated and six new permanent cell lines were established from 18 patients with head and neck squamous cell carcinoma (HNSCC). The cell lines established in this study were used to test for cisplatin sensitivity, 18F-FDG uptake, as a measure of metabolic activity, and various other tumour characteristics.
Methods

Patients
Fresh tumour samples were collected during 1995-1999 from 18 patients with HNSCC. The patients participated voluntary and with informed consent. Seventeen of the 18 patients with HNSCC were previously untreated and one patient had a residual tumour after radiotherapy. Eight tumours were located in the oral cavity, four in the larynx, two in the nasopharynx, and one each in the oropharynx, hypopharynx and in the maxillary sinus. One was an untreated lymph node metastasis of unknown primary origin. Table 1 shows the tumour TNM (Tumour, Node, Metastasis) classification, stage, grade, ploidity and karyotype of each tumour. Permanent cell lines were successfully established from the first six tumours in Table 1 ; four were from the oral cavity, one from the maxillary sinus and one was a residual tumour from the oral cavity. Table  2 shows clinical information regarding treatment regim, survival data and causes of death.
Establishment of cell lines
Fresh tumour tissue samples obtained during surgery were immersed immediately in buffered balanced saline. The tissues were washed several times, trimmed and minced into 1 to 2 mm pieces, which were placed in T25 tissue culture flasks with DMEM supplemented with 2 mM Lglutamine and 10% foetal bovine serum (FBS). The flasks were incubated at 37°C in an atmosphere containing 5% carbon dioxide. Primary tissue culture flasks were observed daily. To reduce the fibroblast growth, DMEM D-valine was added instead of L-valine. Fibroblasts were also removed mechanically and by brief exposure to trypsin (0.1%) and EDTA (0.02%). Tumour cells were subcultured when the flasks were 50% confluent. After three or four passages the cells were stored in liquid nitrogen. Low passage numbers (<30) were used for this study.
Growth characteristics
The cell lines were denoted LU-HNSCC 3 to 8. All cell lines had an epitheloid appearance, and grew in a typical cobblestone pattern indicating squamous cell carcinoma origin. The cells differed in size and grew in colonies with cell-to-cell contact into confluence. All cell lines, besides number 6, grew as monolayer cultures and were easy to detach using trypsin; cells from LU-HNSCC 6 were more difficult to detach and to grew in multiple layers.
Growth rate
To determine the in vitro tumour cell growth rate, 15,000-100,000 cells were plated in Petri dishes, and the number of cells was counted every second day in a Bürker chamber. The growth rate for each cell line was determined at least twice and the results were found to be reproducible.
The mean values of 2-5 samples were estimated. The doubling times were derived from the exponential growth phase, and are given in Table 3 , together with other data.
Tumorigenicity in nude mice
To verify the malignancy of the established cell lines in vitro, a cellsolution containing the same cell amount from each cell line were injected subcutaneously into the lateral thoracic wall of nude mice. Tumour formation was observed for all cultured cell lines. The purpose of this experiment was to confirm the malignant characteristics of the cultured cell lines and to exclude a fibroblast cell population. The tumour formations in nude mice were no further examined in this experiment. The study was approved by the Regional Ethics Board of Southern Sweden Committe(LU376-01, M48-06).
Flow cytometry
Frozen samples from 16 biopsies from primary tumours were analysed, and two samples from formalin-fixed and paraffin-embedded specimens were also analysed. Flow cytometry DNA analysis was performed as previously described [4] . Briefly, the tumour samples were minced, forced through a nylon net (pore size 140 μm, Tidbeck AB, Stockholm, Sweden), and fixed in 70% ethanol. The two formalin-fixed samples were processed to form cell suspensions according to a previously described method [5] .
The separated cells were then treated with ribonuclease (Sigma-Aldrich, Stockholm, Sweden), incubated with pepsin (Merck, Darmstadt, Germany), and stained with propidium iodide (Sigma-Aldrich, Stockholm). Human lymphocytes were processed in parallel with the tumour samples and used as an external diploid control for the fresh samples. Flow cytometric DNA analysis was performed in a FACS Caliber (Becton, Dickinson, BD Biosciences, USA). Up to 20,000 nuclei were analysed from each sample. The DNA histograms obtained were automatically processed using Modfit LT 3.1™ software. The DNA index (DI) was calculated as the ratio of the modal channel values of the G0 and G1 peaks. By definition, the tumours manifesting a single DNA population were classified as diploid (i.e. DI = 1.00), and tumours manifesting two or more populations as non-diploid. The S-phase fraction (Spf) was estimated assuming that the S-phase compartment constituted a rectangular distribution between the modal values of the G0/G1 and G2 peaks.
Chromosome banding analysis
Fresh samples from all but one of the 18 primary tumours previously had been subjected to short-term culturing and G-banding analysis [6] . All six established cell lines were also cytogenetically analysed using the same methods as in the present study. 
Immunohistochemistry
Immunohistochemical (IHC) analysis was performed on paraffin-embedded specimens to detect cyclin D1 (CCND1) expression. A commercial monoclonal antibody (NCL-cyclin D1, Novo) was used at a dilution of 1:20. A specimen known to be strongly positive, previously collected from a patient, was used as a positive control. The IHC results were scored as follows: A-negative; B 1-5% of the tumour cells positive; C 6-50% positive; D >50% positive. The negative controls were tested without primary antibodies.
Fluorescence in situ hybridization
Fluorescence in situ hybridization (FISH) was performed as previously described [7] , with minor modifications. Briefly, tumour cells were spread onto Superfrost Plus slides (Menzel, Braunschwieg, Germany), and then air dried and fixed in a series of 50, 75 and 100% Carnoy's solution (100% Carnoy's = 3:1 methanol:acetic acid). Prior to hybridization, the slides were denatured in 70% formamide, 2 × SSC, pH 7.0, at 72°C for three minutes, and dehydrated in a series of ethanol solutions (70, 85 and 100%). Two-colour FISH was performed with directly labelled probes for CCND1 and the centromere of chromosome 11 (LSI Cyclin D1 spectrum orange TM/CEP 11 spectrum green TM DNA Probe; Vysis, Inc., Downers Grove, IL, USA). Slides were counterstained with 0.2 mM 4,6-diamidino-2-phenylindole in an antifade solution (Vectashield, Vector H1000; Vector Laboratories, Burlingame, CA, USA) in order to visualize the nuclei and to prevent the fluorochromes from fading. A Zeiss Axioplan 2 microscope (Carl Zeiss AG, Oberkochen, Germany), equipped with a cooled CCD camera (Sensys; Photometrics, Tucson, NV, USA), operated by Quips FISH image analysis software (Vysis, Inc.) was used to analyse the samples. Hybridization signals from at least 50 nuclei were scored to assess the centromere and CCND1 copy numbers. The nuclei were defined as carrying an amplification if the number of gene probe signals divided by the number of centromere signals was ≥ 1.5.
PCR-SSCP and DNA sequencing
Polymerase chain reaction-single-strand conformation polymorphism (PCR-SSCP) analysis and DNA sequencing were used to study the occurrence of mutations in exons 4-11 of TP53, as previously described [8] . Briefly, DNA was extracted using standard methods and used in a polymerase chain reaction to amplify the entire coding region of the TP53 gene in seven or eight different fragments. The PCR products were screened for mutations using SSCP. Samples showing altered mobility shift in SSCP were further analysed with direct DNA sequencing to determine the exact location and type of mutation.
Cisplatin-induced cell death
The cell lines LU-HNSCC 3-8 were harvested by trypsinization, counted and seeded (10,000-26,000 cells/well) in 24-well plates, and allowed to grow for two days as monolayer cultures in DMEM medium (GIBCO, San Diego, CA, USA), supplemented with 10% FBS and antibiotics (100 U/ml streptomycin sulphate, GIBCO), under a 5% CO 2 atmosphere at 37°C. On day two, cisplatin (Pharmalink AB, Upplands Väsby, Sweden) was added in serumfree medium, and the cells were incubated for 1 h at concentrations ranging from 0 to 100 μM. Thereafter, the drug-containing medium was removed, and cells were allowed to grow in drug-free medium for 5 days. On day 7, the cell viability was estimated by the crystal violet assay, as described previously [9] . Briefly, the cells were incubated with 0.5% crystal violet (methanol:water,1:4) and excess dye was removed. The cells were solubilized by the addition of 0.10 M citrate buffer (SIGMA) (50% (v/v) ethanol) and then transferred to a new 96-well plate, and the absorbance was determined spectrophotometrically at 570 nm on a Multiscan MS (Labsystems, Finland) and corrected for background absorbance.
18F-FDG measurements
The established cell lines LU-HNSCC 3-8 were harvested by trypsinization, counted and seeded (50,000-250,000 cells/Petri dish) on day 0. The cells were allowed to grow for two days as monolayer cultures in DMEM medium(GIBCO, San Diego, CA) supplemented with 10% heat-inactivated FBS containing an antibiotic (GIBCO)(100 U/ml streptomycin sulphate), under a 5% CO 2 atmosphere at 37°C. On day three, 2 ml 18F-FDG solution (0.62-1.33 MBq/ml) was added. After an hour The 18F-FDG uptake in the cells and in the washing fractions was estimated using a calibrated 3 x 3 inch NaI(TI) well counter (in house) (1282 CompuGamma CS, LKB Wallac, Turku, Finland) and all 18F-FDG values were normalized for time. Electronic cell counting was performed using a NucleoCounter™ (Chemotec A/S, Allerod, Denmark) with the NucleoView™ software. The total cell content and number of viable cells were calculated per ml and correlated to the 18F-FDG uptake corrected for decay. This experiment was repeated in a second series.
Statistics
Descriptive statistics, Fisher's exact test, and the chisquared test for trend, were used to evaluate differences in clinical parameters between patients whose tumours could be cultured, and those that could not. Disease-free periods and overall survival time in these groups were examined using Kaplan-Meier graphs and log-rank tests 
Results
Patients: primary tumour characteristics and clinical course
Six new permanent squamous cell carcinoma lines in vitro were established from 18 HNSCCs, which constitutes an overall success rate of 33%.
The overall survival of the patients as a function of the propensity of their tumours to grow in vitro, calculated from date of diagnosis, is shown in Figure 1 . The outcome for the patients from whom cell lines could be established was worse than for the other patients; the median overall survival being 8 vs. 78 months (p = 0.009;logrank test), and the fraction of 5-year survival 0 vs. 67%. The mean disease-free survival time was 13 months for the patients whose tumours grew as cell lines, compared with 80 months for those whose cancers did not grow in vitro (p = 0.056). No differences were observed in the two groups regarding tumour site, TNM status, stage, grade, ploidity or DNA indices (data not shown).
Chromosome banding analysis
Five of the six tumours that grew as cell lines had complex karyotypes, defined here as at least three different aberrations, when examined after short-term culturing. In contrast, only three of the 11 tumours from which no cell line could be established, and from which material had been sent for short-term culturing, had complex karyotypes. The remaining eight cases either failed to grow in vitro (seven cases), or showed an abnormal karyotype with simple changes (one case). There was no aberration in common among the tumours that yielded viable cell lines, and it was noted that none of them displayed homogeneous staining regions. Only minor changes were noted when comparing the karyotypes obtained after short-term culturing of primary tumours and in the corresponding cell lines (data not shown).
The established cell lines
Three cell lines showed TP53 mutations, two in exon 7 and one in exon 5 ( Table 4) . Two of the mutations, one in exon 5 and one in exon 7, were missense mutations, and one in exon 7 was a deletion. Two of the three cell lines with TP53 mutation also showed CCND1 overexpression; one of these had CCND1 amplification according to FISH. No cell line showed CCND1 amplification without TP53 mutation.
18F-FDG uptake
The 18F-FDG uptake, expressed as counts per minute (cpm) adjusted for time, was strongly correlated with the number of viable cells present, as illustrated in Figure 2 . The correlations varied between 0.94 (LU-HNSCC 3) and 0.99 (LU-HNSCC 7). The null hypothesis of no difference in 18F-FDG uptake between the cell lines was evaluated in a linear regression framework (see Statistics) and according to this model, the predicted 18F-FDG uptake for 1,000,000 viable cells varied more than a factor 2, from 65,000 cpm for LU-HNSCC 3 to 133,000 cpm for LU-HNSCC 6. The null hypothesis of equal 18F-FDG uptake for this fixed number of viable cells could be rejected (p < 0.0001; F-test). Significant differences in 18F-FDG uptake between the cell lines (p < 0.01) was seen for all reference values from 50,000 to 1,500,000 viable cells and also in sub-group analyses excluding one of the two cell lines with non-overlapping ranges for number of viable cells.
No correlation was observed between 18F-FDG uptake or gene expression and cell characteristics, such as TP53 and CCND1 status or DNA ploidity.
Overall survival of the patients stratified by propensity of their tumours to grow in vitro Figure 1 Overall survival of the patients stratified by propensity of their tumours to grow in vitro. Survival times were calculated from date of diagnosis. Four patients were still alive (survival >100 months) when this analysis was carried out.
We found an inverse correlation (r = -0.82) between cell doubling time (DT) and 18F-FDG uptake; the shorter the doubling time, the higher the 18F-FDG uptake (p = 0.04; test for zero slope in a linear regression of predicted 18F-FDG uptake at 1,000,000 viable cells on doubling time; n = 6).
This inverse relationship was even stronger if the cell line LU-HNSCC 3 with no observations above 600,000 viable cells was omitted (r = -0.95; p = 0.01) or if the cell line LU-HNSCC 7 with no observations below 700,000 viable cells was omitted and the 18F-FDG uptake was predicted for 500,000 viable cells (r = -0.96; p = 0.01). The experiment was repeated with similar results.
In brief, the correlations between 18F-FDG uptake and number of viable cells varied from 0.81 to 0.98 and the predicted 18F-FDG uptake at 1,000,000 viable cells varied significantly between the cell lines also in the second experiment (p < 0.0001). Also the negative correlation between 18F-FDG uptake and DT was reproduced in the second series (r = -0.70; p = 0.12; n = 6). By combining the data from the two experiments, the p-value for the inverse correlation between 18F-FDG uptake and DT dropped to 0.004.
Cisplatin sensitivity
The cisplatin sensitivity of the different cell lines is illustrated in Figure 3 . Significant differences in cisplatin sensitivity between the cell lines was seen at 5, 50 and 100 μM (p < 0.0001; Kruskal-Wallis test 
Discussion
In accordance with other studies [10] [11] [12] , we found that tumours that could grow in vitro were more aggressive in their biological behaviour, with shorter patient diseasefree periods and overall survival time, compared with those that did not grow in vitro. No correlation was found between ability to grow and clinical parameters such as TNM status, or tumour grade or site. In agreement with our results, Kim et al. established nine new permanent SCC cell lines, but their propensity to grow in vitro did not appear to be related to tumour site or grade [13] . Thus, in vitro growth, in the present study seems to be an independent prognostic factor, in concordance with other authors [10] [11] [12] although there also are reports on lack of such correlation [14] . The capacity of tumour cells to grow in vitro could be dependent on their genetic alterations. Support for this hypothesis comes from the finding that all the culturable cell lines, except for one in this study were seen to have complex karyotypes after short-term culturing. Additionally, complex karyotypes have been shown to be associated with poor prognosis [15] .
We also investigated possible differences between the two tumour groups regarding DNA content, index and S-phase fraction, but no statistically significant differences were found. These cellular characteristics have been widely investigated previously, since they are assumed to reflect the loss of normal cell proliferation control and the underlying genetic abnormalities. The prognostic value of DNA content is, however, more uncertain. While some studies have found a correlation with poor outcome and higher recurrence rate in aneuploid tumours [16, 17] , the opposite, i.e. better survival of those with non-diploid tumours, has also been reported [18] . The extent of 18F-FDG uptake has been suggested to provide a measure of tumour aggressiveness, and thus to be associated with poor prognosis in many tumour types [19, 20] , including HNSCC [21, 22] . The usefulness of 18F-FDG-PET in HNSCC for detection of recurrent disease is well recognized and clinical studies have shown a capacity for PET to predict response to cytotoxic therapy [23, 24] . We determined the 18F-FDG uptake and its relation to cell viability in the established cell lines and found an inverse correlation between cell doubling time (DT) and 18F-FDG uptake; the shorter the doubling time, the higher the 18F-FDG uptake. The correlation between the number of viable cells and 18F-FDG uptake, and between a shorter tumour doubling time and a higher 18F-FDG uptake, support a relation between 18F-FDG metabolism and tumour aggressiveness. A similar correlation between 18F-FDG uptake and cell proliferation has been described for other cancer types, including breast and colonic tumours [25] . In another in vitro study using HNSCC lines, Minn et al. [26] found a relation between 18F-FDG uptake and cell proliferation index, defined as the percentage of tumour cells in the S+G2/M phase, while Smith et al. [27] found a similar correlation with the S-phase fraction. Furthermore, in a clinical trial on 14 patients, a close correlation between growth fraction, determined by Ki67-MIB-1, and PCNA, assessed with immunohistochemistry, and 18F-FDG uptake was demonstrated [28] , but no correlation between 18F-FDG uptake and DNA ploidity was seen. The close relation between CCND1 status and cell proliferation suggests that deregulated CCND1 could be a factor affecting 18F-FDG uptake. However, we found no correlation between cyclin D1 expression or CCND1 amplification and 18F-FDG uptake. Similar results, i.e. no correlation between CCND1 status and 18F-FDG uptake, have been reported in a clinical trial on lung cancer patients [29] .
The 18F-FDG uptake, expressed as counts per minute adjusted for time, versus number of viable cells present for the six cell lines, scatter plot and fitted regression lines Some studies have found TP53 mutations to be accompanied by increased glycolysis, which could be the result of reduced synthesis of proteins in the COX ∏ subunit or increased transcription of HK-2 [30, 31] . We found no association between the presence or absence of TP53 and increased 18F-FDG uptake.
To best of our knowledge, there are no previous reports on possible correlations between 18F-FDG uptake and CCND1 or TP53 status in HNSCC, although similar studies have been carried out on other tumours [29, 30] , demonstrating a correlation between TP53 overexpression and higher 18F-FDG uptake [30] . One reason why we did not observe any correlation between the 18F-FDG uptake and the TP53 and CCND1 status could be that the tumour cells in vitro have an excess of nutrients, and that they must be placed under stress to reveal a correlation. Therefore, the next experimental step will be to treat the cell lines with cisplatin, perhaps providing more insight into the complex and still enigmatic mechanisms behind the intracellular uptake and accumulation of 18F-FDG.
The six cell lines were also tested regarding cisplatin sensitivity. Cisplatin-induced cell death was measured using crystal violet staining, a method evaluated before [9] . A statistical difference was found between the cell lines, demonstrating the usefulness of the model for studying chemosensitivity.
Conclusion
The results in this present study support the value of tumour cell cultures as a model for prognostic and predictive studies. We found the successful establishment of an in vitro cell line from a tumour to be an independent negative prognostic marker. Furthermore, we found it feasible to study metabolic activity with 18F-FDG uptake, and
Survival curves of the different cell lines exposed to varying concentrations of cisplatin obtained by crystal violet assay Figure 3 Survival curves of the different cell lines exposed to varying concentrations of cisplatin obtained by crystal violet assay. Each value represents an average of at least three experiment.
